The use of virtual elements for developing new service prototyping environments and more realistic simulations has been suggested as a way to optimise the service prototyping process. This work examines the application of virtual reality (VR) in prototyping service journeys and it hypothesises that VR can recreate service journeys in a highly immersive, agile, and inexpensive manner, thus allowing users to have a representative service experience and enabling service designers to extract high-quality user feedback. To that end, a new service prototyping method, called VR service walkthrough, is presented and evaluated through an empirical comparative study. A VR service walkthrough is a virtual simulation of a service journey, representing how the service unfolds over space and time. A comparative study between the VR service walkthrough method and an adapted service walkthrough method evaluates the application of both methods using a location-based audio tour guide service as a case study. Two user groups (each with 21 users) were used to evaluate both methods based on two factors: the user experience they offered and the subjective meaningfulness and quality of feedback they produced. Results show that the VR service walkthrough method gave a performance similar to that of the service walkthrough method. It was also able to communicate the service concept in an immersive way and foster constructive feedback.
Introduction
Service prototyping is a significant and integral part of service design. It aims to increase the designer's ability to empathise with intended users, customers and other stakeholders in the service [1, 2] . A service prototype is 'a simulation of a service experience' [3] , and an important service design tool for making services visible and helping to communicate service concepts at the early stages of the new service development process [4] . Service prototyping contributes to the service design process by (i) defining the service design problems to be solved, (ii) evaluating the usability and effectiveness of a service concept, and (iii) enabling collaboration between the different actors (e.g., users, stakeholders, service providers) [5, 6] . To understand service experiences, service designers need to capture both physical and intangible service qualities. They should also portray the sequence of interactions that take place between the service provider and the service user, through service prototyping [7] . The most crucial factor in the service prototyping process is the ability to create a realistic sensation for the users and to immerse them in these service experiences [5, 8] .
The most prevalent kind of services are the ones that can be described as journeys [9] . Service journeys represent a chronological sequence of interactions between users and service providers, containing both physical and intangible qualities [9] . In order to present and evaluate a service journey and improve its design, the service must be understood as a whole service experience: all interactions or touchpoints with the user should be thought of holistically [10] . When understood and experienced holistically, as a whole sequence, service parts, service moments and touchpoints will reveal something about the service that cannot be accessed through the individual service constituents [7] . When it comes to prototyping service journeys, the main prototyping goal is to empathise with the targeted user group. For service designers, a number of challenges are posed by the necessity of following a holistic design approach and the need for the experiential, physical and intangible qualities of the service to be recreated with adequate precision [7, 9, 11] . A major prototyping issue lies with the significant design choices that need to be made during the early stages of the new service development process with regard to balancing the prototype's fidelity, development agility and cost: the target is the highest possible level of fidelity and agility at the lowest possible cost [7, 11] . These choices concern the use of appropriate prototyping tools and methods that will enable the service prototype to immerse users in the whole service experience, empathise with them and ultimately extract useful and high-quality user feedback about the service experience [5, 8] .
Background and Research Motivation
A number of prototyping methods and tools can be used to prototype service journeys. At the conceptual level, tools like customer journey maps and service blueprints can describe the main interactions of a service journey; however, they are limited in their ability to recreate the experiential qualities of the service and relay information associated with service periods and interactions with users at touchpoints [8, 12] . At a more practical level, methods like bodystorming, experience prototyping and service walkthroughs have been used to prototype service journeys. Bodystorming is an interaction design method, which is used in service design to evaluate service prototypes from an experiential point of view [5] . It enables the user to enact and role-play the service scenario in prototyping environments that resemble the intended use context [13] [14] [15] . Experience prototyping is an approach that attempts to understand the experience of interacting with an artefact, system or service [5, 7, 16] . This approach is similar to bodystorming in that it tries to replicate an existing situation or construct a new one, in which participants can understand in an embodied way what it feels like to interact with something [7] . However, these two methods have normally been used to focus on single touchpoints rather than to understand whole service experiences [5, 7] .
By contrast, the service walkthrough is an established service prototyping method specifically tailored for service journeys. This method is usually facilitated by service designers, allowing them to put themselves in the shoes of the users and, along with the targeted user or customer groups, to go through a physical representation of how the service journey unfolds over space and time [1, 7] . In a service walkthrough, all stakeholders can take part in the service representation and understand the service by being physically and emotionally present in the situation of use. As a service prototyping method, the service walkthrough originates from a combination of experience prototyping, a pluralistic walkthrough and bodystorming. It offers a way to increase empathy with the potential customer group by going through the whole service and using props to represent certain actions [1, 7] . Although the service walkthrough takes place in the real world, in the actual or a similar servicescape, it makes use of physical props and mock-ups, which makes it 'difficult to get the feel for how a customer journey would be experienced' when prototyping [7] . As a result, the use of multimedia is suggested as a way to further improve it [7] .
The need for new service prototyping methods that can offer more realistic simulations has been reported and the use of virtual elements for developing new service prototyping environments has been suggested as a way to address the limitations of the conventional methods and to optimise the service prototyping process [5, 8, 17] . The need for realistic service representations has also been emphasised [7] . Virtual reality (VR) has the potential to overcome some of the current prototyping limitations by offering high-quality visual, audio and haptic simulations [8, 18] . VR has already found broad application in engineering, industrial and product design for prototyping purposes [18, 19] . Over the last few years, major changes in the VR technology field have taken place, which have allowed the development of low-cost, high-quality, immersive and collaborative 3D virtual environments, opening the way for the use of VR in service prototyping [8, 11, 20] .
This work examines the application of VR in prototyping service journeys, hypothesising that VR can recreate service journeys in a highly immersive, agile and inexpensive manner, thus allowing users to have a representative service experience and enabling service designers to extract high-quality user feedback. To that end, a new service prototyping method, called VR service walkthrough, is presented and evaluated through an empirical comparative study. The method is inspired by the service walkthrough described by Arvola et al. [7] and it was first introduced in [21] . The VR service walkthrough focuses on prototyping service journeys by making use of VR environments and digital artefacts.
The following section (Section 3) presents the VR service walkthrough. Section 4 presents a service prototype case study, i.e., a mobile, location-based audio tour guide. In Section 5, this case study is examined by comparing the methods of the VR service walkthrough with the established service walkthrough method, adapted to utilise multimedia content (instead of physical props and mock-ups as described in [7] ). Finally, the study results are presented (Section 6) and discussed (Section 7).
A VR-Based Prototyping Method for Service Journeys
A VR service walkthrough is a virtual simulation of a service journey, representing how the service unfolds over space and time. The method aims to facilitate the development and evaluation of medium-to-high fidelity service prototypes with distinct spatial elements and customer journeys, utilising fully immersive virtual technology [21] . The VR service walkthrough is facilitated by the service designer and involves actual service users and service stakeholders as prototype testers. The method allows designers to explore, evaluate and communicate service concepts in a holistic way, capturing the service as a whole. At the same time, it enables service users to immerse themselves in the virtual prototyping environment, interact with service components in virtual form and experience the service journey in VR [21] .
The VR service walkthrough is based on the service walkthrough prototyping method, which adopted elements from experience prototyping, the pluralistic walkthrough and bodystorming [7] . Undoubtedly, these elements, along with the evaluation protocol, were also inherited by the VR service walkthrough in addition to the use of VR as the enabling technology of the method [21] . Pluralistic walkthroughs provide the protocol and the interaction components of the main process, allowing the exploration of the prototype by the user. Bodystorming is a necessary element of the process, although the fact that the VR service walkthrough can potentially reach high levels of fidelity may minimise the need for role playing [21] . Experience prototyping, however, is the focus of the new VR service walkthrough method as the ability to prototype and capture the experience of interacting with a service is crucial, especially when this experience is mediated by VR, thus creating a fully immersive, simulated and situated experience [21] .
The VR service walkthrough method is designed to enable medium-to-high fidelity prototyping as well as to be effective in terms of development agility and cost. The VR service walkthrough, due to its technical nature, targets agile development and on-the-fly adjustment of the service components, based on the service user's feedback, so that more observations and conclusions can be drawn from the service prototyping session [21] . At the same time, the development cost of the prototyped services should be affordable, ranging from low-to-medium cost, depending on the chosen hardware and the simulated scenario. The use of high-quality VR headsets, like the HTC Vive or the Oculus Rift and the development of customised, detailed graphic environments can be costly, although the use of smartphone-based headsets (e.g., Google Cardboard) and commercial off-the-shelf (COTS) applications can minimise the cost significantly [21] .
In order to evaluate the service experience coming from the VR service walkthrough method, a comparative study was carried out using a location-based audio tour guide service as a case study.
The Case: Location-Based Audio Tour Guide Services
As tourism is a service-intensive industry dependent on the quality of customer service experiences and customer journeys, service prototyping has found many applications in evaluating tourism services [22] [23] [24] . This section introduces a case study built on the development of a mobile, location-based audio tour guide service for the city of Oslo, Norway.
The qualities of location-based audio guide services for tourism have been researched in the past both in indoor settings (e.g., museums) and confined outdoor spaces (e.g., zoos), with promising potential [25] [26] [27] [28] [29] . However, there is a need for further research on new location-based audio guide services that enable tourists to freely explore open, outdoor urban environments in a culturally informative way while also supporting social interaction and shared experiences [30] [31] [32] [33] .
Service Concept
A mobile tour guide service for the city of Oslo, namely AudioNear, was designed at SINTEF Digital, using location-based audio to enable tourists to navigate on foot and explore outdoor tourist sights by providing on-the-go, speech-based auditory information about various sites (buildings, landmarks, monuments, etc.) located in the vicinity [30] . AudioNear was designed to support two functionalities: exploration and route planning/navigation. When exploring, users put on their headphones and then launch the audio tour guide application from their personal mobile devices (smartphones or PC tablets). Based on their location (GPS-based), when they walk within a specific, pre-defined radius of a sight, an audio track starts playing with various pieces of information about that place ( Figure 1 ). Users can control the audio track playback with the headphones' mic button so that interacting with the guide's graphical interface is not necessary when moving about. AudioNear also provides users with an interactive map of all the tourist sights for route planning and navigation purposes. At any time, users are able to check the map to locate the nearest sights, choose the ones they want to visit, based on the information provided, and navigate towards them. The design of the AudioNear service utilises the existing literature on related domains and related application contexts in order to synthesise the starting material and the initial design concepts for creating a new tour experience in an urban setting [30] . 
Design Rationale
The main design goal of the service is to enable tourists to explore tourist sites and get all the site-related, tourist information at one time and in one place so that they can 'interpret' the environment and find out more about the cultural heritage of the place that is being visited [30, 32, 34, 35] . At the same time, this information should be delivered in an unobtrusive and undisruptive way so that tourists can focus on their surroundings; therefore, minimising the distraction coming from the interaction with their mobile devices is important [29, 32, 34, 36] . Auditory information and minimal-attention interfaces can offer a promising alternative to graphical user interfaces, accomplishing eyes-free interaction and minimised distraction [37] [38] [39] [40] . For AudioNear, the use of location-based auditory content was chosen as an appropriate way to accomplish the main design goal. A number of important design decisions were also made to develop a minimal-attention interface and further minimise distraction [30] . More specifically, AudioNear was designed to work right out of the box upon launch, without requiring extra user information or further adjustments. Interaction with the audio tracks was designed to take place through the headphones' mic button (tap button once to pause/stop playing track, tap button twice to replay track) so that the user would not need to interact with the mobile device. The audio tracks were designed to be short and concise, and no sound was produced when the user was outside the radius of a sight. As a result, the user could still pay attention to external, environmental sounds while exploring (Figure 1 ).
In addition, the way the service content is delivered should satisfy the needs of different tourist types and address different styles of experiencing a new environment as a tourist [29, 30, 41, 42] . AudioNear was designed to support two functionalities, as described in Section 4.1: (1) as service users explore the city, auditory information is presented to them based on their location, and (2) service users can check the map of the tour guide to locate the nearest point of interest and move towards it. These two functionalities are designed to serve both those users who prefer unstructured touring experiences, i.e., to explore a tourist site based entirely on what they see and like, and those users who need structure and planning for their tours. After launching the app, the user does not need to check the smartphone again unless he/she wants to locate and navigate to the nearest point of interest through the service's map functionality [21, 30] .
Finally, another design goal was to implement a robust spatial activation method for the audio tracks that would also support shared, multi-user tour experiences [30] . The tour guide service should create a shared auditory and social experience and operate uniformly for users moving in groups (e.g., families) [25, 29] . To fulfil this requirement and avoid being bound by specific hardware (e.g., headphones for directional audio), a radius-based approach was taken which defines activation zones in close proximity to particular tourist sights (Figure 1 ). This design concept allows for the automatic triggering of the audio track when a user is inside the radius of a tourist sight, while a group of users moving together will receive the same auditory information at the exact same time when in radius, thus creating a shared auditory experience [27, 29] .
Service Prototype's Characteristics
Following the conceptualisation and design of the service, the implementation of a prototype was necessary in order to communicate the service concept, evaluate its functionality and get useful feedback from service users. The service prototype had to recreate the whole user journey in a way that communicated the service concept and conveyed the service experience.
Sixteen sights in the Oslo city area were chosen for inclusion in the prototype version of the service. The radius values of these sights ranged between 25 and 65 m and were strategically and manually placed for each sight so that they only referenced areas where the sight was clearly visible.
The audio tracks for these 16 sights contained information about their history, architecture, visiting hours, etc., narrated by a native English speaker. Each track started with an earcon ('beep' sound) to notify the users that they had entered a sight's radius and that speech-based auditory information was about to start. This was followed by a three-second pause before the speech-based track started with the words: 'You are near <name of tourist sight>'. The duration of the tracks was between 65 and 90 s in order to present distinct values and allow the investigation of user preferences for track duration. The tracks were encoded and compressed into MP3 format to reduce their file size.
In this case study, two service prototypes for a service journey were implemented and evaluated: one using the VR service walkthrough method and the other using the service walkthrough method, adapted for the use of multimedia content.
Service Prototyping with the VR Service Walkthrough Method
A VR service walkthrough was used to prototype the AudioNear tour guide service. The current implementation of the VR service walkthrough method used a medium-fidelity prototype of the service journey. It was relatively inexpensive with regard to man-hours and equipment costs.
Google Street View VR was used to enable the service user to virtually navigate the city of Oslo. It provided the user location to trigger the respective audio track when the user was in the radius of a point of interest. The map functionality of the service was facilitated by Google Maps, enabling the user to get a map overview of the surroundings and the places of interests in the area. VR hardware consisted of an Android smartphone, a generic VR headset and a wireless mouse for interaction/navigation purposes. The service user also wore headphones (Figure 2 ). Ambient sound effects (i.e., people walking in the street) were also added to give more realism to the scene for immersion purposes [21] . At this stage, the walkthrough involved one user per session, focusing on individual feedback. The service user had the opportunity to virtually visit several monuments in the city of Oslo and to listen to historical information about them when he/she was located in their vicinity. At any time, the user could check the VR map, locate the nearest place of interest and navigate there [21] .
The service designer moderated the VR service walkthrough session, 'accompanying' the users in the virtual tour by observing their service journeys via screen and audio mirroring. While navigating, the user was free to make comments and express thoughts and opinions on the service to the service designer and to describe the whole experience. The service designer documented user feedback and followed up on the user's remarks, always in an investigative, discreet and unobtrusive way without disturbing the flow or distracting the user [21] . With regard to pausing or not pausing the walkthrough session to collect user feedback [10] , the VR service walkthrough adopted a middle strategy. The designer identified specific use periods where no points of interest existed in the vicinity and where the service was less intense and demanding from a cognitive perspective. These periods allowed for short discussions, questions and follow-up on the user's remarks without breaking immersion for the user [21] .
Service Prototyping with the Service Walkthrough Method
The service walkthrough method was also used to prototype the AudioNear tour guide service. The current implementation of the service walkthrough method was adapted for multimedia content-as suggested by [7] -and, more specifically, a mobile app prototype in order to better demonstrate the main service functionality and to provide a high-fidelity prototyping experience. Naturally, this implementation demanded several man-hours for interface design and app development purposes.
The AudioNear mobile app was written in PHP and MySQL, using the AR Layar API. (https://www.layar.com) The Layar platform enabled the development of the planned location-based, radius-activated audio experience, with map-based navigation (Figure 3 ). The prototype was developed as a web-based application, using a 4G broadband connection [30] . At the beginning of the service walkthrough session, users were given a basic description of the tour guide's functionality. An Android smartphone and headphones were provided for running the application. Users then launched the AudioNear app and examined the map of tourist sights. Participants were completely in charge of the service walkthrough's route planning and navigation. Next, the author (who was also the service designer and developer) took part in a service walkthrough, accompanying each participant while they were exploring the area and experiencing the service prototype (Figure 3) . During the walkthrough, the researcher assumed the role of a typical user, testing AudioNear within the context of that two-person user group while observing the participant's interaction with the tour guide and discussing its usability [30] .
Evaluation Study
A comparative study of the two service prototyping methods, i.e., the VR service walkthrough and the adapted service walkthrough methods, took place to evaluate their application in the location-based audio tour guide service case study. In the context of this study, the VR service walkthrough was designed to be compared against the extreme case of a highly performing method, i.e., a prototyping method based on the real world and using a high-fidelity prototype. The service walkthrough method was adapted for this purpose. The adapted version used multimedia content (audio files, photos, digital map, location-based system, et al.) whose delivery through a mobile app took place as intended in the final service. In addition, the entire prototyping session took place outside, in the real service environment.
The main hypothesis of the study was that the immersive, engaging and experiential qualities of VR would increase the performance and outcome of a 'quick and dirty' implementation of a medium-fidelity prototype when a structured prototyping process is in place. When it comes to prototyping service journeys, a further hypothesis was that this VR-based method, together with a medium-fidelity prototype, would successfully communicate the service concept and offer an engaging user experience, similar to what can be achieved by a conventional prototyping method using a high-fidelity prototype.
As stated in Section 1, prototyping methods aim at communicating the service concept and recreating the experiential qualities of the service journey in the best way possible. As a result, the evaluation of the two prototyping methods was based on two factors. As the experiential qualities of the prototyping process are crucial in the quest to simulate the service experience, the first factor was a direct evaluation measure of the two methods by examining the user experience they offered [3, 5, 8] . A user experience questionnaire was administered to evaluate this factor. As user feedback can be indicative of how well the service concept is communicated and understood through the prototyping process, the second factor was an indirect evaluation measure of the two methods through the subjective meaningfulness and quality of feedback produced for the audio tour guide service [7, 21] . This factor was investigated by carrying out a semi-structured interview.
The study followed a between-group design, with users of group A experiencing service prototyping with the VR service walkthrough method and users of group B using the service walkthrough method, as described in Sections 4.4 and 4.5. Participants were assigned to the groups based on block randomisation with equal sample sizes. A 10-minute trial session for users of both groups was conducted, allowing them to test the prototypes before the walkthroughs, in order to familiarise themselves with the interaction methods and to minimise any technological 'wow' factor that could potentially affect user feedback. Six sights surrounding the research institute where the study was conducted were chosen as points of interest for user exploration, both in VR and real life, during the two prototyping sessions. The six sights were chosen so that users of both groups would be able to experience touring the same area and so that the duration of the walkthroughs would be adequate for presenting the service concept with both methods. The sessions of exploring these six sights would last between 25 and 35 min, based on pilot testing.
Measures
The comparative study used the Game Experience Questionnaire (GEQ) [43] and a semi-structured interview. The GEQ is a user experience questionnaire that has been used in several application fields (gaming, location-based apps, VR, et al.) because of its ability to cover a wide range of experiential factors with good reliability [44] [45] [46] [47] [48] [49] [50] [51] . In this study, the experiential components of competence, sensory and imaginative immersion, flow, tension, challenge, and negative and positive affect (from the In-Game version of the GEQ) were considered to be relevant and useful for the evaluation of both methods. The questionnaire asked the user to indicate how he/she felt during the prototyping process based on a series of statements. The GEQ questionnaire contained 14 statements (e.g., 'I forgot everything around me'), rated on a five-point intensity scale ranging from 0 ('not at all') to 4 ('extremely').
The semi-structured interview collected participants' comments on three topics, expressed as questions: (1) what they liked about the service, (2) what they did not like about the service, and (3) what they suggested for improving the service. The researcher was able to follow up on the participants' comments until each topic was covered.
Process
The study process took place as follows. First, study consent and demographics were collected. Each participant was randomly assigned to one of the two experimental groups. The service prototyping session then took place, making use either of the VR service walkthrough or the service walkthrough method, depending on the participants' experimental group. A 10-min trial took place before the main session. Afterwards, the semi-structured interview was administered to collect user feedback on the service. Finally, user experience from both prototyping methods was measured using the Game Experience Questionnaire [43] .
Pilot testing of the process took place to examine its feasibility, its duration and the prototyping session's ability to adequately present the service content in this time frame. The total duration of the study process was estimated to be 60 to 75 min.
Statistical Analysis
All data was analysed using the Statistical Package for Social Sciences (SPSS) version 25. Descriptive analysis was used to depict the demographic data of the participants. The non-parametric Mann-Whitney U test was used to compare differences between the two independent groups. The significance level was set at p < 0.05. Open coding was used to identify and organise the participants' comments from the interviews.
Results
Forty-two participants were assigned to the two experimental groups: group A (N A = 21, mean age: 30.29, SD: 4.23, male/female: 12/9) used the VR service walkthrough method and group B (N B = 21, mean age: 28.76, SD: 3.66, male/female: 14/7) used the service walkthrough method. All participants had previously used personal tour guides, such as travel books or mobile applications, at least once before in their trips. All six sights in the area were visited by the participants, with a tour duration of between 25 and 34 min (mean duration: 29.62, SD: 2.09) for group A and between 26 and 36 min (mean duration: 31.1, SD: 2.93) for group B. Five participants from group A were novice VR users, twelve were moderately experienced, having used VR applications in the past, and four were very experienced, actively using VR applications and owning VR systems. All participants from both groups successfully completed the sessions. Figure 4 displays the values from the GEQ questionnaire and Table 1 shows an analysis of results using the Mann-Whitney U test. The results revealed that the service walkthrough achieved higher values in all GEQ components. However, the differences between the two methods had statistical significance only for the competence value, with a mean rank spatial score of 17.31 for the VR service walkthrough and 25.69 for the service walkthrough (Z = −2.331, p = 0.020). The service walkthrough performed better for tension, challenge and positive affect, in particular. However, this did not reach statistical significance (Table 1 ). Table 2 shows the results of the qualitative analysis of the interview comments together with the frequency of their occurrence. Positive comments highlighted the simple interaction with the tour guide, the usefulness of auditory information, the suitability of the service for a free exploration of open spaces and its use in larger user groups (e.g., families, groups of tourists, et al.). Negative remarks focused on the duration of the audio tracks and the fact that the service could do with more structure by offering suggested, predefined routes. Comments included several suggestions for improvement, such as adding suggested, pre-defined routes, gamification elements (e.g., collecting location-based badges like Foursquare or digital objects like Pokémon GO), user ratings for sights, voice commands for manipulating the audio tracks and 3D/spatial audio for creating the impression that the sound of a virtual source emanated from a certain position in the physical space. One participant also suggested the use of location-based advertisements for businesses in the user's vicinity, implemented as short individual audio tracks. 
Discussion
The use of both the GEQ questionnaire and the semi-structured interview allowed for the discovery, verification and documentation of significant experiential and practical issues. The GEQ questionnaire provided a general overview of each method's experiential performance, whereas the interview shed more light on how well the service was understood. This tourism-related case study and the audio tour guide service provided an ideal testbed to evaluate the performance of both methods for prototyping service journeys. Users were engaged by the AudioNear tour guide service, interacting with the prototypes and providing feedback about them. In addition, user suggestions shed more light on further development of the service, raising and addressing important design issues (e.g., adding routes, shortening the audio tracks, gamifying the service).
At first glance, the GEQ results indicated that the service walkthrough method with multimedia content received higher values than the VR service walkthrough method. Indeed, the GEQ revealed differences in experiential values in favour of the service walkthrough method. However, only the competence dimension showed a statistically significant difference. At the same time, the VR service walkthrough demonstrated a satisfying GEQ performance overall. GEQ results revealed higher values for positive feelings than negative ones, demonstrating that the method offered a pleasant experience. Flow and immersion reached moderate to high levels, showing that users were focused on the process and that VR managed to construct an immersive experience close to the real-world one (as implemented in the service walkthrough method). Based on the competence and challenge values, the evaluation also suggested that users may find use of the VR method somewhat demanding. As shown in a previous study [21] , VR interaction can be challenging for novice users. The VR service walkthrough immersion may come at a cost, especially to those who are not familiar with VR. Although people will become more and more familiar with VR with the passage of time, its intense immersive characteristics may be an obstacle for the novice VR user of the VR service walkthrough method.
Interview comments about the service were used as an indirect measure of how well the service concept was communicated. This comparison was exploratory in nature, working as an attempt to document which topics were addressed by both groups, the differences between the groups and what these differences may mean for the different methods. The interview results showed that almost all feedback topics raised by group B were also covered by group A, even if at different frequencies. Positive comments about the suitability of the tour guide for groups of users was the only response that demonstrated a considerable frequency difference between the two groups. The comment was made only once in group A (VR service walkthrough), perhaps meaning that this method was unable to demonstrate the multi-user capabilities of the concept. This result may suggest that the service designer being present in the real world, accompanying the users by mirroring their virtual actions, and users being present in the virtual world may disrupt the communication of a multi-user experience, such as the one that took place during the service walkthrough session. Although the specific implementation may be suitable for recreating single-user experiences, in the case of communicating multi-user service concepts, the VR service walkthrough method may benefit from having all users (regular users, service designer, developer and other participating stakeholders) present inside the virtual environment, thus creating a virtual, multi-user experience.
The main observation to be made about the results of the comparative study is that the VR service walkthrough method with a medium-fidelity prototype had a similar performance to that of the multimedia service walkthrough method using a high-fidelity prototype. In this case, the actual comparison was between the immersive qualities of VR and a superior implementation (regarding cost and fidelity) for prototyping service journeys. In the end, results suggest that these VR qualities managed to boost the prototyping performance of a medium-fidelity prototype. The structured VR service walkthrough method communicated the service concept and recreated the service experience to a high degree. Although there is always a proportional relationship between prototyping costs and prototype fidelity, VR's immersive qualities can potentially disrupt this balance in favour of the service designer, thus achieving more with less.
However, it should also be noted that this efficiency is achieved on a case-specific basis, meaning that services with different characteristics and prototyping resources (i.e., available budget and time) may require a different balance between cost and fidelity when it comes to VR-based prototyping. Nowadays, there are many tools available for the development of VR environments, such as 360-degree videos, COTS applications (e.g., Google Street View VR), VR sandboxes (e.g., ModBox) and VR development platforms (e.g., Unity), as well as various low-and high-cost VR headsets (e.g., Google Cardboard, HTC Vive, Oculus Rift, et al.). The choice of the appropriate tools, their utilisation for prototyping purposes and the overall cost-benefit evaluation and decision about using the VR service walkthrough method is a case-specific process and an important task for the service prototyping team. It should also be stressed that the VR service walkthrough addresses certain service prototyping conditions and covers a specific range of services. The VR service walkthrough targets the representation of service journeys and attempts to capture the sequences of mediated interactions between service provider and customer in a service prototype. Tourism and travel services are strongly temporal and sequential in nature, involving a series of interactions. As a result, the proposed service prototyping method could find a wide application in that field or similar fields with those characteristics. This would optimise the trade-off between prototype fidelity and cost while providing a viable way for service designers to empathise with target groups.
Finally, the current work has certain limitations. First, the study was limited by its moderate sample size. In addition, the VR service walkthrough was compared against an adapted high-performance prototyping method. In order to cover the 'prototyping fidelity' scale more extensively and to present the VR-enabled method in a more concrete way, additional comparisons against other prototyping methods with potentially lower performance should be carried out, e.g., by using a traditional service walkthrough with props and mock-ups [7] .
Conclusions
This work introduced and evaluated a prototyping method for service design that applies the service walkthrough concept in fully immersive VR settings. The method addresses service journeys and aims at enabling the service designer to increase empathy with the potential customer group through optimising the service prototyping process to create more immersive and engaging service-simulated environments.
The case study on tourism and the comparative study against an established prototyping method using a high-fidelity prototype proved to be ideal tools for evaluating the VR service walkthrough method and documenting its strengths and weaknesses. The study results show that this method can communicate the service concept in an engaging and immersive way and can foster constructive feedback. However, the method may present some interaction challenges and may not fully support multi-user experiences, thus needing further technical adjustment. Overall, the VR service walkthrough method performed satisfactorily using its immersive VR qualities to advance the prototyping performance of a medium-fidelity prototype.
The current work and the introduction of VR service walkthrough provide the opportunity for organisations, businesses, designers, and researchers to reproduce and further advance the method. Hopefully, this work will further contribute to the discussion around the potential of VR in service design, which, until recently, was an under-researched field [8, 11, 21] .
Future work will address the aforementioned technical issues. In addition, more case studies are necessary in order to further document the method's efficiency in the same or similar fields. At the same time, additional case studies will also contribute by exploring various service scenarios and technical VR implementations that may differentiate the application of this method. This will help enable the formulation of robust guidelines for the method's application in various settings.
